Cool-season grass species are commonly overseeded into bermudagrass turf for winter color. When the overseeded grass persists beyond the spring; however, it becomes a weed. The ability of perennial ryegrass, Italian (annual) ryegrass, intermediate ryegrass, and hybrid bluegrass to persist in bermudagrass one year after seeding was determined. Perennial ryegrass, intermediate ryegrass, and Italian ryegrass produced acceptable ground cover in the spring after fall seeding. Hybrid bluegrass did not establish well, resulting in unacceptable cover. Perennial ryegrass generally persisted the most one year after seeding, either because of summer survival of plants or because of new germination the following fall. Plant counts one year after seeding were greater in the higher seeding rate treatment compared to the lower seeding treatment rate of perennial ryegrass, suggesting new germination had occurred. Plant counts one year after seeding plots with intermediate ryegrass or Italian ryegrass were attributed primarily to latent germination and not summer survival. Applications of foramsulfuron generally did not prevent overseeded species stand one year after seeding, supporting the conclusion of new germination. Although quality is less with intermediate ryegrass compared to perennial ryegrass, it transitions out easier than perennial ryegrass, resulting in fewer surviving plants one year later.
Introduction
Bermudagrass (Cynodon spp.) is the primary turfgrass grown on athletic fields and golf courses in regions ranging from the transition zone of the United States to the tropics of the world [1] . The density, color, texture, and summertime vigor of bermudagrass has led to the adaptation of many cultivars for use on home lawns, leisure areas, and athletic fields [2] . While bermudagrass typically provides an ideal turf during the summer, an underlining negative trait of bermudagrass is its winter dormancy period, especially in the transition zone where cold temperatures linger for several months. Overseeding with cool-season grasses is a cultural management technique commonly used to maintain both aesthetic and playability features in dormant bermudagrass during the winter [3, 4] .
Overseeding was first practiced on golf courses in the 1930s after initially being used in pasture grasses [5] . Overseeding techniques have evolved since the 1930s; however, the goals remain the same: to provide green turf during bermudagrass dormancy and then transition to bermudagrass in the late spring. If the overseeded grass persists into the summer, it may reduce bermudagrass density and overall turf quality. The cool-season grass selected for overseeding largely determines the success or failure of the overseeding process. There are two transitional phases to consider when selecting a cool-season grass for overseeding: ease of fall establishment of the overseeded grass and ease of spring transition back to bermudagrass [6] . Each species of cool-season grass has both positive and negative attributes that affect its overseeding performance. In the past, Italian ryegrass (Lolium multiflorum Lam.), commonly referred to as annual ryegrass, was the overseeding species of choice because of its rapid germination and establishment. However, Italian ryegrass is coarse-textured, requires frequent mowing, and has inadequate cold and heat tolerance [1] . Italian ryegrass also tends to have a less desirable, lighter green color than other overseeding species, resulting in lower quality rating [7] . Improved Italian ryegrass cultivars, such as "Panterra" [8] were bred for improved quality as well as enhanced spring transition. Compared to Italian ryegrass, perennial ryegrass (Lolium perenne L.) has a finer leaf texture, darker green color, and generally produces a higher quality turf. Consequently, it is often used as both an overseeding species in warm climates and as a year-round turf in cooler climates. Perennial ryegrass's popularity has led to the breeding of heat-tolerant, drought-tolerant, and disease-resistant cultivars. While these are generally desirable attributes, perennial ryegrass will often survive the summer and persist as a perennial weed in overseeded bermudagrass [9] . Italian ryegrass is listed as either a winter annual, biennial, or occasionally a perennial while perennial ryegrass is described as a short-lived perennial [10] . Intermediate ryegrass (L. perenne x L. multiflorum), is a hybrid between perennial and Italian ryegrass [1] .
Hybrid bluegrass (Poa pratensis L. x Poa arachnifera Torr.) was created by crossing Kentucky bluegrass (Poa pratensis L.) and Texas bluegrass (Poa arachnifera Torr.) [11] . Hybrid bluegrass has the agronomic qualities of Kentucky bluegrass such as dark green color, brown patch (Rhizoctonia solani) resistance, and utility, but was bred to have increased heat and drought tolerance exhibited by Texas bluegrass. Its ability to survive heat and drought may be problematic when used as an overseeded grass when transitioning back to bermudagrass in late spring. However, if hybrid bluegrass transitions into dormancy during the heat of the summer and then returns to normal growth in the fall, it may be able to coexist with bermudagrass, providing a two-grass system that does not require overseeding each year.
Overseeded cool-season grasses persisting through the summer may become a weed problem the following fall and winter if no overseeding is conducted. The overseeded grass would be clumpy and unevenly distributed throughout the bermudagrass stand. Currently, little information is available on the long-term persistence of overseeded grasses in bermudagrass.
Environmental conditions and cultural practices greatly affect the spring-time transition to bermudagrass regardless of which overseeded species is used. Elevated temperatures and low rainfall in fall may adversely affect overseeded grass establishment unless supplemented with appropriate irrigation. Additionally, low temperatures and high rainfall in late spring and early summer of the following year may allow the overseeded grass to persist well past bermudagrass green-up. Cultural practices such as planting at appropriate seeding rates, fertility management, thatch removal, aeration, irrigation management, and mowing frequency each affect ease of transition [12, 13] . Current recommended ryegrass overseeding rates in the coastal mid-Atlantic region of the United States are approximately 400 kg per hectare [14] . Overseeding in the Mid-Atlantic with ryegrass is typically done in October. Most overseeding is performed in the fall before bermudagrass goes dormant. Additional information is needed on herbicides that will selectively remove overseeded cool-season grasses from bermudagrass without damage to this warm-season turf species.
Common herbicides that control ryegrass species include the class of acetyl CoA carboxylase (ACCase) inhibitors such as diclofop, fluazifop, and fenoxaprop. However, because of the ability of ryegrass species to either metabolize these compounds or express an alternative ACCase enzyme, resistance has developed in multiple ecotypes [15] . In addition, bermudagrass does not tolerate most chemicals in this class. Therefore, alternative modes of actions have been considered. Beam et al. [16] evaluated the ability of three ALS-inhibiting herbicides (chlorsulfuron, primisulfuron, and nicosulfuron) to control Italian ryegrass in tall fescue. The researchers found that nicosulfuron offered the most effective control while producing the least amount of turfgrass injury. We evaluated another ALS-inhibiting herbicide, foramsulfuron, for its ability to eliminate overseeded grasses during the spring-summer transition period as well as reducing persistence of ryegrass species one year after seeding.
Many turfgrass managers face the challenge of transitioning from overseeded cool-season grasses to bermudagrass each spring. If the removal of the overseeded grass is done too early, brown, dormant bermudagrass will be visible. If the overseeded grass is allowed to remain and persist into the summer before removal, bermudagrass growth is stunted. Lowering mowing heights, verticutting, aerifying, fertilizing, and reducing irrigation to encourage bermudagrass growth are practices that help improve the spring transition from the cool-season grass. Additionally, chemical removal strategies and species selection are key factors in determining the success of the overseeding process. In our studies we evaluated how seeding rate and timing of foramsulfuron affects overseeded turf cover for hybrid bluegrass, annual ryegrass, and perennial ryegrass. Additionally, we compared an intermediate ryegrass, expected to be a short-lived ryegrass cultivar, to a perennial ryegrass cultivar that would have greater heat tolerance. The goal of this research was to determine the overseeded species that establishes best in the fall while easily transitioning to bermudagrass in the summer without persistence into the following fall. seeded directly to the bermudagrass stand without site preparation using a drop spreader. Supplemental irrigation was used during the establishment period. Foramsulfuron was applied using a CO 2 powered backpack sprayer delivering 230 L/ha at 206 kPa using a four nozzle boom containing 8003 flat fan nozzle tips. Plots were 1.8 m by 3.0 m. Plots were mowed at 3.2 cm from September to November and 2.2 from March until August. Percent cover for the overseeded grasses was recorded in November, February, and June for each trial of both experiments. Plant stand was recorded in late fall of the second year for each trial. • C air temperature, 47% relative humidity, 5% cloud cover, soil temperature 14
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Results and Discussion
Comparison of 2 Ryegrass Species for Overseeding.
Increasing the seeding rate resulted in increased ryegrass cover in November (Table 1) . Percent ryegrass cover when the plots were overseeded with 224 kg ha −1 of perennial ryegrass was 78% in November, 84% in February, and 53% in June in trial one. Comparatively, percent cover when seeded with perennial ryegrass at 448 kg ha −1 rate was 83% in November, 89% in February, and 51% in June of trial one (Table 1 ). Significant percent cover differences were observed between the two ryegrass cultivars on the June rating date. When plots were seeded with 224 kg ha −1 of intermediate ryegrass with no foramsulfuron, the percent cover was 4% in June, which was significantly less than the 53% cover observed in untreated plots seeded with perennial ryegrass. Applying foramsulfuron to plots seeded with perennial ryegrass at 224 kg ha −1 reduced ryegrass cover from 53% to 28% in June of trial one. Intermediate ryegrass died naturally; therefore, no difference was observed between foramsulfuron-treated and nontreated plots in June.
Similar patterns were seen in trial two though ryegrass cover was less across most of the rating dates. This reduction in cover may be the result of less rainfall during establishment. In trial one, 5.1 cm of rain was recorded from October 14 through November 14, 2004. In trial two, only 0.7 cm (0.3 in) of rain was recorded from October 14 through November 14, 2005. Percent cover in perennial ryegrass plots seeded at 224 kg ha −1 and 448 kg ha −1 was 40% and 47%, respectively on the November rating date in trial two (Table 2) . Foramsulfuron did not significantly reduce percent cover in June for trial two, probably due to the low stand seen in both untreated and treated plots. Less perennial ryegrass persisted into June in trial two compared to trial one (Tables 1 and 2 ). This could be due to lower rainfall amounts, 2 , which was a decrease of more than 50 plants when compared to the plots which did not receive the herbicide. This indicates that part of the stand observed one year after seeding was due to perennial ryegrass plants surviving through the summer. The limited effectiveness of foramsulfuron could be attributed to cooler temperatures during application, which should result in reduced absorption and/or translocation.
In trial two, more plants were counted one year after seeding than in trial one (Table 3) . This difference could be Table 3) . Applications of foramsulfuron did not significantly reduce ryegrass plants one year after seeding in trial two though numerical reductions were observed.
Analysis of the ryegrass comparison trial indicates that intermediate ryegrass seeded at 448 kg ha −1 is an effective cultivar seeding rate combination to use for overseeding bermudagrass in the transition zone. Increasing the seeding rate from 224 kg ha −1 to 448 kg ha −1 of either ryegrass species significantly increased percent ryegrass cover during fall establishment and did not increase percent cover during the transitional spring-summer phase. These results are similar to those of Bornino et al. [17] who observed greater cover when the perennial ryegrass seeding rate was increased. A high percentage of ryegrass cover during the fall and receding of ryegrass in the spring are ideal for a bermudagrassryegrass transitional system. The intermediate ryegrass had equal or greater percent cover in the fall and winter dates when compared to perennial ryegrass; however, percent cover was almost nonexistent in the summer. Thus, intermediate ryegrass provided acceptable cover during periods when the bermudagrass was dormant. Subsequently, after bermudagrass resumed growth in spring, intermediate ryegrass did not persist at high levels by June, reducing the need for a transition aid herbicide. The April foramsulfuron applications removed half of the perennial ryegrass cover in trial one on the June rating date; however, the remaining perennial ryegrass cover would be unacceptable since it could restrict bermudagrass growth. Repeat applications of foramsulfuron may be required for acceptable perennial ryegrass removal. The fall of 2005 was colder and had less rainfall than the fall of 2004. These environmental conditions probably reduced the number of seeds that germinated during the establishment of trial two. Subsequently, germination occurred one year later in trial two, which explains the increased plant counts. Minimal intermediate ryegrass plant cover was present in plots rated in June. Therefore, the intermediate ryegrass plants present one year after seeding would be attributed to latent germination and not summer survival. Perennial ryegrass plants might have survived the summer because applications of foramsulfuron lead to a reduction in perennial ryegrass counts one year after seeding in both trials for plots seeded at 448 kg ha −1 . Increasing the seeding rate from 224 kg ha −1 to 448 kg ha −1 increased ryegrass stand one year after seeding. Spring applications of foramsulfuron would be beneficial for removing perennial ryegrass that may persist past the summer.
Overseeding Species/Herbicide Timing Trial.
Overseeding with intermediate or Italian ryegrass resulted in greater percent cover than with hybrid bluegrass. In trial one, overseeded grass cover observed in November was 74% for Italian ryegrass, 76% for intermediate ryegrass, and 20% for hybrid bluegrass (Table 4 ). In February for the same study, the ryegrasses continued to establish while the hybrid bluegrass cover only slightly increased. Cover ratings in February were 91% for annual ryegrass, 90% for intermediate ryegrass, and 24% for hybrid bluegrass. Similar trends were seen in trial two, though greater levels of the ryegrasses were able to persist until June in trial two. As in the previous trial, hybrid bluegrass did not establish to an acceptable level.
Foramsulfuron application did not have a significant effect on percent overseeded grass cover observed in June of trial one; however, some numerical reductions were noted. Intermediate ryegrass cover in plots that did not receive foramsulfuron applications was 6% (Table 4) . Applications of foramsulfuron in March, April, and May reduced intermediate ryegrass cover to 3, 1, and 1 percent, respectively. In trial one, the application of foramsulfuron in March, April and May yielded lower hybrid bluegrass cover of 8, 1, and 6% percent, respectively, compared to 11% cover when no herbicide was applied. No Italian ryegrass survived to the June rating date in trial one.
Similar trends were seen in trial two, though Italian ryegrass was able to survive to the June rating date. Increased overseeded grass cover in trial two may be the result of increased rainfall during the spring-summer transition period. In trial one, only 4.6 cm of rain fell between June 11 and July 12, 2005, while in trial two, 23.9 cm of rain fell during this period in 2006. Hybrid bluegrass did not establish acceptably, though it still persisted into the summer. In trial two, application of foramsulfuron in May resulted in 14% Italian ryegrass cover in June, which was significantly less than the 23% Italian ryegrass cover in plots that did not receive foramsulfuron (Table 5 ). Foramsulfuron did not significantly reduce intermediate ryegrass cover in trial two. The lower than expected results from foramsulfuron in both the ryegrass comparison experiment (Tables 1 and 2 ) and in this experiment (Tables 4 and 5) were probably due to the lower than ideal temperatures at treatment time, as soil temperature at the different application timings ranged from 12 to 18
• C. A similar response was noted with foramsulfuron and other sulfonylurea herbicides, where applications were more effective at 26
• C compared to 17
• C, or 21
• C soil temperature [18] .
Plant counts were greater in plots seeded with Italian ryegrass than in the other plots for trial one ( Hybrid bluegrass was not able to establish as quickly as intermediate or Italian ryegrass. Inability to establish in the fall and transition out in the spring make hybrid bluegrass undesirable for overseeding bermudagrass. The ability of Italian ryegrass to survive into the summer in trial two may be due to cooler temperatures and more rainfall in the summer of trial two. Foramsulfuron applied in May of trial two reduced Italian ryegrass percent cover significantly in June when compared to the plots that did not receive foramsulfuron. Italian ryegrass should transition out of the turfgrass soon after bermudagrass resumes growth, which was apparent in trial one. In the event of high rainfall and cooler temperature (as observed in trial two) in the months of April and May, applications of foramsulfuron in late May could be made to enhance removal of overseeded Italian ryegrass and intermediate ryegrass. Plots seeded with Italian ryegrass had the most plants per m 2 one year after seeding in both trials, which would be attributed to latent germination and not summer survival. Intermediate ryegrass color was compared favorably with hybrid bluegrass while Italian ryegrass had the lowest color rating (Data not shown). Italian, intermediate, and perennial ryegrasses are behaving primarily as winter annuals in southeastern Virginia when overseeded into bermudagrass. A low density of perennial, intermediate and Italian ryegrass persisting one year after seeding may necessitate changes in management practices to remove these species if overseeding is not done annually. As observed in these trials, environmental factors play a critical role in the overseeding process. Although the same protocols were duplicated in both years of the experiments, significant differences between the years were observed. These differences were most likely because of variations in rainfall and temperatures during the germination and transition periods. Monitoring of rainfall and irrigation should be practiced in order to ensure successful establishment and to ease transition of the overseeded turfgrass. Intermediate ryegrass appears to be a useful option for overseeding bermudagrass because of its acceptable cover in spring combined with its transitional ability during the elimination phase. Reduction in perennial ryegrass's persistence is dependent on drier environmental conditions rather than cool and wet conditions and the use of an herbicide such as foramsulfuron in order to transition adequately. Applications, though, should be made under warm soil temperatures (above 18
• C) since this herbicide is not as effective when applied in cooler temperatures. Willis showed that perennial ryegrass control with foramsulfuron was significantly lower when applied at soil temperatures below 18
• C compared to warmer soil conditions [19] . Latent germination one year after seeding and a lighter green color are characteristics that make Italian ryegrass a less desirable overseeding species compared to intermediate or perennial ryegrass.
